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Abstract
Providing safe drinking water, sanitation and hygiene (WaSH) in geographically isolated settings is a
global public health priority. Prevalence of WaSH practices among mothers and diarrhoea among
their children (birth to 59 months) was studied in nine randomly selected tribal villages of Mokhada
in Palghar, Maharashtra, India. A community-based cross-sectional survey among 577 mother–child
pairs was performed. Participants were recruited from the anganwadi list of enrolled children
through household visits. WaSH index was used for assessing WaSH practices. Well was the major
(47%) drinking water source. Almost 70% treated and covered the stored drinking water. Nearly
75% of the mothers used soap for washing hands before food and 35% after defecation. Open
drains and open defecation were observed in 99% and 50% of households, respectively. The
median score for drinking water index was 3 (interquartile range (IQR) ¼ 2), personal hygiene
index (PHI) was 2 (IQR¼ 2), household hygiene index (HHI) was 2 (IQR¼ 1) and composite index
(CI) was 6 (IQR ¼ 2). Prevalence of diarrhoea among children was found to be 33.4% and was
significantly associated with poor HHI (p ¼ .007), PHI (p < .001) and CI (p < .001). Measures to
provide basic WaSH resources combined with efforts to create awareness would ensure improved
WaSH practices and prevent diarrhoea.
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Introduction
Providing equitable access to safe drinking water and adequate sanitation and hygiene (WaSH) is a
global public health strategy advocated for human development especially for regions which are
geographically isolated and far from development (UNICEF, 2016; World Health Organization
(WHO), 2019a). Globally, there are 2.4 billion people who live without adequate sanitation, 758
million do not have access to improved water sources and 673 million still defecate in the open
(WHO, 2019a, 2019b). In India, according to WaterAid Report 2018, 163 million people lack
access to clean water close to their home and only 31% of the total population use improved
sanitation facilities (UNICEF, 2017; WaterAid, 2018). Inadequate sanitation, hygiene or access to
water increases the incidence of diarrhoeal disease which results in the death of at least 1.9 million
children under five annually (De and Taraphdar, 2016; WHO, 2016). A major proportion of these
deaths, that is, an estimated 801,000 children, are from developing countries (Centers for Disease
Control and Prevention, 2016a). Diarrhoea is the third leading cause of childhood mortality in
India. In 2012, total deaths due to diarrhoea in children under five years of age were 1.5 million
(Subitha and Jayalakshmy, 2015). In developing countries, high prevalence of diarrhoea is asso-
ciated with poor WaSH practices (Mshida et al., 2017; Zin et al., 2013). Lack of toilets further
exacerbates the problem as faeces on the ground contribute to contaminated drinking water and
water resources in general (Worley, 2014).
Safe drinking water and hygiene along with sanitation have a direct impact on productivity
working condition and health of the people (Jana and Bhowmick, 2003). Worldwide, 64.2 million
disability-adjusted life years are attributed to unsafe water, poor sanitation and hygiene practices,
of which 82% (52.5 million) are in low- and middle-income countries (UNICEF, 2015).
Diversity in settings needs to be recognized to address inequity in availability of WaSH
resources. In India, tribal population are marginalized, characterized by lack of developmental
facilities and unserved by drinking water as compared to urban settings. Agriculture being the main
source of income increases their dependency on climate for water requirements. Extremes in
climates affect agricultural produce and income. Low literacy and awareness combined with poor
resources increase their vulnerability. This reflects in poor nutritional status of women and children
in these settings Ghosh and Varerkar (2019). Lack of data on prevalence of diarrhoea among
children in tribal region recognizes the need to study diarrhoeal burden in these settings (Inter-
national Institute for Population Sciences (IIPS), 2007, 2016). The factors associated with diar-
rhoea in a tribal setting include lack of environmental hygiene and safe drinking water, open
defecation and improper disposal of human excreta. Tribal communities are also known for their
taboos and religious practices which are often connected to health and disease (Mishra, 2012).
Appropriate interventions are essential in isolated settings. Evidence suggests that improving
water quality at the point of consumption can protect children from diarrhoeal diseases (UNICEF,
2016). Water, sanitation and hygiene (WaSH) interventions aim to increase access to basic
necessities, including clean water, safe stool disposal and food sources free from contamination,
and in doing so decrease the diarrhoeal diseases (Weaver et al., 2016). WaSH assessment in a
community setting is challenging despite the availability of various public health measures.
Although literature evidence on WaSH in different settings is available, WaSH assessments linking
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diarrhoea prevalence among children in tribal settings are few. Assessing WaSH indices to plan
appropriate interventions in a tribal region is an essential public health priority.
Aim
To describe the present status of diarrhoea and also the prevalent WaSH practices in Mokhada
village in Palghar district of Maharashtra.
Methods
A community-based cross-sectional study was carried out in 2018, in the tribal villages of
Mokhada, a tehsil (an administrative division) in Palghar district of Maharashtra, to assess the
prevalence of WaSH practices and associated factors. Palghar district has a total of eight talukas/
tehsils namely, Talasari, Vasai, Vikramgad, Jawhar, Mokhada, Palghar, Dahanu and Wada. Of
these eight talukas, one taluka, that is, Mokhada, was randomly selected as the study area. There
are a total of 59 villages in Mokhada of which 9 villages (15%), namely Chas, Ghoshali, Khoch,
Gonde Khurd, Mokhada, Palsunde, Poshera, Shivali and Washala, were randomly selected for the
study. The sampling frame consisted of mother–child pairs from these nine villages of Mokhada
taluka. Mothers with children from birth to 59 months of age were included in the study, while
children with any major illness were excluded from the study.
Sample size
Sample size was calculated using the prevalence of diarrhoea among children under five years of
age as per the prevalence identified in a systematic review published in 2015 (Ganguly et al.,
2015). Sample size was calculated using the formula, n¼ [Z2 P(1-P)]/d2, where n¼ sample size,
Z ¼ Z statistic for a level of confidence, P ¼ expected prevalence or proportion and d ¼ precision.
Considering the prevalence of diarrhoea as 21.70%, and a desired precision 5% and confidence
interval of 99%, and considering an additional 10% non-response rate and .1 design effect, the
estimated sample size was 545 mother–child pairs.
Sampling procedure
To achieve this sample size, 600 mother–child pairs were enrolled of which 577 provided complete
details. A population proportion sample was drawn based on the number of children from birth to
59 months of age, from every selected village. The details are provided in Table 1 in the Online
Supplemental file. In each village, a list of children from birth to 59 months of age registered in the
anganwadi centres (government preschool centres) was obtained from the anganwadi workers.
Mother–child pairs were enrolled through household visits. Mothers who consented to participate
were recruited.
Data collection
Data were collected using a semi-structured questionnaire administered through tablet version of
‘Epicollect5’, from each of the nine selected villages. The households from each village were
randomly selected following the inclusion criteria.
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Ethical procedure
This work was approved by the institutional ethics committee (SPPU/IEC/2018/04). Informed
consent was obtained from every participant prior to the interview. Purpose of the research was
explained to the participants and confidentiality of the data was assured with the freedom to
withdraw at any time during the study period.
Instrument validation
Pilot testing was done before conducting the main study. Data of 40 participants were collected
from Talegaon, Pune. For validation of tool, the questionnaire was checked for the flow of
questions; usage of relevant terminologies and whether the questions elicited the intended
response.
Statistical methods
In order to assess WaSH practices, a modified index that comprised of drinking water, household
sanitation and personal hygiene with 12 variables was used. Using the WaSH index, scores were
calculated for individual variables that included water, sanitation and hygiene. Total scores
obtained were compared with the maximum possible score. Frequency distribution of baseline
characteristics was computed. Association between WaSH indices and diarrhoea was calculated
using 2 test. At 95% confidence interval, statistical significance was established at p value <.05.
Data analysis was performed using the Statistical Packages for Social Sciences (SPSS) version 19.
Development of indices to assess WaSH
In order to measure WaSH practices, structured observation along with spot testing was used. The
indices were selected and modified for this study setting, similar to one developed for an urban
setting by Jeyakumar and co-workers (Jeyakumar and Ghugre, 2017; Webb et al., 2006). The tool
used in the present study comprised of three domains that included drinking water index (DWI),
Table 1. Indices for assessing personal and household hygiene.
Domains Variables Maximum possible score





PHI Handwashing before food with water and soap 3
Handwashing after visiting toilet with water and soap
Wearing footwear




Note: PHI: personal hygiene index; DWI: drinking water index; HHI: household hygiene index.
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personal hygiene index (PHI) and household hygiene index (HHI). Of the three, DWI comprised of
five observations, PHI had three and HHI had four observations. The entire tool comprised of 12
observations. Each observation was scored zero or one, a positive observation was given a score of
one. The indices were calculated as a simple sum of the variables. Table 1 shows the indices
created for assessing hygiene and sanitation.
The source of water, storage of water, drinking method and treatment of water, that was elicited
through a structured questionnaire and a spot check of storage containers together, formed the
DWI. Practices related to hand hygiene and practice of wearing footwear in the neighbourhood
were studied among mothers to assess personal hygiene. These variables formed the PHI.
Observations on drainage, and presence or absence of stagnant water, and garbage formed the HHI.
The three indices, that is, DWI, PHI and HHI, together formed the composite index (CI).
Results
Table 2 describes the socio-demographic characteristics of the participants. Of the 577 partici-
pants, 66% received no formal education. Almost one-half of the mothers (47%) were home-
makers, followed by 37% daily wage labourers and 16% agricultural labourers. The mean age of
the mothers was 26.71 + 2.91 years. The mean age of the children was 30.68 + 16.95 months. As
assessed by the possession of ration card, about 90% of the participants were below poverty line.
Table 3 provides the description of practices related to storage and use of drinking water,
personal hygiene and household hygiene and sanitation among the study population. More than
45% (n ¼ 271) of the households used well water for drinking. Steel/copper vessels were used for
water storage by nearly three-quarters of the population. Almost 93% (n ¼ 536) of the households
used a glass for fetching water where the hands came in contact with the water and others used
ladles or taps (7%) (n ¼ 41). Chlorination was the only method of treatment followed by the
households and this was reported to be practiced by 70% (n ¼ 404) of the participants. The stored
water was covered in about 72% (n ¼ 414) of the households visited. However, in nearly 28%
(n ¼ 163) of the households, the stored drinking water was not covered either fully or partially.
Personal hygiene indicators as reported by the participants showed that more than 75%
(n ¼ 442) of the participants washed their hands with water and soap before food. However, only
Table 2. Distribution of socio-demographic variables (N ¼ 577).
Socio-demographic variables Category Frequency (N) Percentage (%)
Literacy status No formal education 381 66
Formal education 196 44
Occupation Homemaker 272 47.1
Wage labour 211 36.6
Agriculture 91 15.8
Private/government service 3 0.5
Owns a ration card Yes 504 87.3
No 73 12.7
Ration card colour Orange 55 10.9
Yellow 449 89.1
White 0 0
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35% (n¼ 202) washed their hands with soap and water after visiting the toilet. As observed, about
25% (n ¼ 145) did not use footwear in the neighbourhood.
Variables on household hygiene recorded among the study population identified improper
planning for disposal of waste and water drainage in tribal villages. Almost 99% (n ¼ 572) of the
households were located near open drains. About 50% (n ¼ 295) of the households had stagnant
water in the vicinity, as observed by spot-checking. Similarly, presence of garbage disposal system
(not by the village Gram panchayat but by local people themselves) was observed among only
about 55% (n ¼ 328) of households. Almost 50% (n ¼ 282) of the participants defecated in open
spaces.
Table 2 in the Online Supplemental file provides median scores with interquartile range (IQR)
for all specific hygiene indices. The median score for DWI was 3 (IQR ¼ 2, maximum ¼ 5), PHI
was 2 (IQR ¼ 2, maximum ¼ 3), HHI was 2 (IQR ¼ 1, maximum ¼ 4) and CI was 6 (IQR ¼ 2).
Table 3. Frequency distribution of practices related to storage and use of drinking water, personal and
household hygiene.
Practices related to storage and use of drinking water (N ¼ 577)
Variables Frequency (n) Percentage (%)
Source of water Well water 271 46.9
Borewell 112 19.4
River water 194 33.6
Storage vessels Steel/copper vessel 414 71.8
Bucket/plastic drum 163 28.2
Drinking method Ladle/tap 41 7.1
Glass 536 92.9
Water treatment Yes 404 70
No 173 30
Water storage practices Covered 414 71.8
Uncovered 163 28.2
Practices related to personal hygiene (N ¼ 577)
Variables Frequency (n) Percentage (%)
Handwashing before food with water and soap Yes 442 76.6
No 135 23.4
Handwashing after visiting toilet with water and soap Yes 202 35
No 375 65
Wearing footwear Yes 432 74.9
No 145 25.1
Cleanliness in the vicinity of the household (N ¼ 577)
Frequency (n) Percentage (%)
Drainage facility Covered 5 0.9
Open 572 99.1
Stagnant water around house Yes 295 51.1
No 282 48.9
Garbage disposal Yes 328 56.8
No 249 43.2
Toilet facility Used toilet facility 295 51.1
Open defecation 282 48.9
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Median score of CI in tribal households was 50% of the maximum possible score and among the
individual domains HHI was observed to be the lowest.
Figure 1 presents the distribution of observations related to WaSH and their corresponding
indices and the CI for WaSH in Palghar. About 45% of the households scored four out of five in the
DWI while about 6% of the households scored zero out of five. Only 0.5% of the households scored
five. This reflects average water storage practices among the households. About 7% of the mothers
scored zero out of three in PHI. More than 25% scored a highest score of three and about 42%
scored two out of three. As per the HHI, about 8.1% households scored zero out of four. More than
40% scored two while only 0.2% scored a highest score of four. More than 25% of the households
scored 6 or 7 while only about 1% scored 10.
Prevalence of diarrhoea among children under five years of age was found to be 33.4% (n¼ 193
out of 577). Table 4 shows the association between specific hygiene indices and diarrhoea. Results
of 2 analysis revealed that lower scores in PHI, HHI and overall higher CI were significantly
associated with diarrhoea among children under five years (p < .001, p ¼ .007 and p < .001,
respectively). Higher score in DWI also was associated with lesser proportion of diarrhoea among
children but was not significant.
Discussion
To the best of our knowledge, ours is the only study that assessed WaSH practices and its asso-
ciation with diarrhoea prevalence in a tribal setting in India. Employing WaSH indices, our study
identified poor WaSH practices in the tribal region of Palghar, Maharashtra. Specifically, poor
household sanitation observed, underscores the lack of an enabling environment for appropriate






















































Figure 1. Distribution of scores for specific indices of DWI, PHI, HHI and CI. X-axis reflects percentage of
participants corresponding to the scores of specific indices in the Y-axis (maximum score for DWI: 5; PHI: 3;
HHI: 4; CI: 10). PHI: personal hygiene index; DWI: drinking water index; HHI: household hygiene index; CI:
composite index.
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source, provided collection time is not more than 30 minutes for round trip, including queuing
(WHO, 2016). In the absence of household drinking water supply in Palghar, women walked five
kilometres to fetch water from wells which are their primary source of drinking water. Despite poor
access and water not being treated, the overall DWI score was greater than 50% of the maximum
possible score. Basic sanitation services are defined as use of improved sanitation facilities that are
not shared with other households (WHO, 2016). In Palghar, few houses had toilet facilities or
shared a facility. However, open defecation was commonly observed which was far from WHO
standards.
Results of hygienic practices observed through PHI in our study are consistent with findings
from research performed in similar settings. Poor usage of footwear was reported to be common
among agricultural labourers (Kaliappan et al., 2013; Kendall and Snel, 2016). In Palghar, one-
fourth of the study participants did not use footwear which is likely to increase the risk of soil-
transmitted helminth infections. In an urban setting in Maharashtra, washing hands with soap
after defecation was not practiced by 7% of the population (Jeyakumar and Ghugre, 2017), while
our study showed 65% of participants did not wash hands with soap after defecation. Reddy and
co-workers reported 37% washed hands with soap and water after defecation in similar setting
(Reddy et al., 2017). Nail hygiene is important in a tribal setting where hands of agricultural
labourers are exposed to mud, handling cattle and their excreta, along with regular handling of
young children’s faeces as in other settings. Participants in our study area had neither seen nor used
a nail cutter, and untrimmed nails and poor hand hygiene were observed. Keeping nails trimmed
and clean goes hand-in-hand with preventing infections (Centers for Disease Control and Pre-
vention, 2016b; Allegranzi and Pittet, 2009). Existing literature emphasizes less about nail
hygiene. The overall PHI score also reflected over 50% of maximum possible score. This identifies
the need for a strong component to improve awareness in the population.
Table 4. Association between specific hygiene indices and diarrhoea.
Indices
Diarrhoea
2 Value p Value
Yes No
N % N %
DWI (MPS ¼ 5) 0.013 .910
Poor (3) 106 18.4 209 36.2
Good (4) 87 15.1 175 30.3
PHI (MPS ¼ 3) 73.754 <.001*
Poor (2) 186 32.2 243 42.1
Good (3) 7 1.2 141 24.4
HHI (MPS ¼ 4) 7.391 .007*
Poor (2) 181 31.4 331 57.4
Good (3) 12 2.1 53 9.2
CI (MPS ¼ 12) 13.73 <.001*
Poor (6) 122 21.1 180 31.2
Good (7) 71 12.3 204 35.4
Note: PHI: personal hygiene index; DWI: drinking water index; HHI: household hygiene index; CI: composite index.
*p < .05, therefore significant.
8 Journal of Child Health Care XX(X)
HHI emerged as the lowest scoring index compared to other indices used in this study and also
to studies in an urban setting (Jeyakumar and Ghugre, 2017). Absence of drains and toilets was a
common feature reported in other tribal regions as well (IPE Global, 2013; Siddalingappa et al.,
2016). Open drains increase risk of faecal contamination (Gretsch et al., 2016) and pose an
important environmental risk (WHO, 2015). Stagnant water offers a breeding ground for vector-
borne diseases. In Palghar, we observed no insecticide usage near stagnant water or protection
in households such as window screens.
Our study further adds to the knowledge that geographical isolation limits access to safe
drinking water and improved sanitation and household hygiene, further increasing the risk of
infections. In addition to the lack of basic needs of water and sanitation, almost 90% were below
poverty line as assessed by the colour of ration card possessed. These settings are further char-
acterized by low literacy levels and nearly 40% of the participants were daily wage labourers.
Studies carried out in similar settings identify such environmental and social factors to increase the
risk of morbidity in children (Mukiira and Ibisomi, 2015; Ndugwa and Zulu, 2008). The results of
our study are comparable to other research studies in tribal regions of India such as Odisha and
Maharashtra, where low literacy levels, shared toilet facilities indicating poor resources and poor
access to safe drinking water increased the susceptibility to infection and undernutrition (Birdi
et al., 2014; Mitra and Singh, 2008; Pradhan, 2015). Disparities have been observed in child
mortality rates between developed and poorer states in India (De and Dhar, 2013). Adding tribal
data to the poorer states would reflect the true burden of infections, undernutrition and child
mortality in India. Therefore, tribal region should be a national priority for public health
interventions.
Despite major findings, our study suffers from the following limitations: The study was con-
ducted in one tribal district and therefore the results of this study are not generalizable to other
tribal regions. Except for few observations, most of the WaSH practices assessed were recorded as
reported by the mothers. It is also likely that the responses provided by the respondents are socially
acceptable.
Implications for practice
CI improves reliability of the data as compared to single measures. The indices used in our study
can be modified for use in similar settings. Results of our study emphasize the urgent need for the
public health system to reach out to these isolated regions. Interventions should aim to provide
basic needs such as drinking water, functional toilets with water supply, drainage facilities and
organized garbage disposal, in addition to initiatives that improve awareness.
Conclusion
Sustainable development goal number six aims to fulfilling the objective of universal access to
drinking water, sanitation and hygiene. Improving knowledge alone is insufficient to bring about
sustained behaviour change and our work adds to the evidence of non-availability of resources to
encourage appropriate WaSH practices in Palghar. These tribal settings need a concentrated effort
from policymakers to provide safe drinking water, basic hygiene and sanitation needs for the tribal
households to ensure improved WaSH practices.
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